BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and are provided with free text boxes to elaborate on their assessment. These free text comments are reproduced below.
INTRODUCTION
page 3, line 38: decision for surgical percutaneous: Should it be "surgical or percutaneous"? METHODS AND ANALYSIS Please use the same tense for all described methods. See above comment the ABSTRACT: The study design is purely observational. For me as a non-native English speaker "open-blind" does not seem correct. Should it be "non-blinded"? Maybe it could be stated, that the measurements by Doppler echocardiography, by TB and IGR are performed by different operators not knowing the results obtained by the other methods at the time of data acquisition. Intervention (page 4, line 48 ff) As far as I understand, only patients on whom an interventional ASD-closure is performed (see "inclusion criteria") are eligible for inclusion into the study. So I would suggest use a different paragraph heading such as e. g. "ASD-closure" rather than "intervention". Intervention might be mistaken for an altered management based on the obtained measurements.
Approaches for cardiac output determination and shunt fraction quantification (pages 5 and 6) The sample size of each measured data set by each method should be specified in the manuscript. How many consecutive heart beats or which period of time or how many respiratory cycles will be analyzed by each method during one individual measurement occasion? If for example Doppler echocardiography measurements are based on a single heart cycle only, stroke volume variation during respiration will possibly affect results and may lead to lower accuracy and precision of the obtained measurements. By averaging measurements over several cardiac or respiratory cycles, data will be better comparable between the different methods. This will probably influence the results and the statistical analysis of the data. In order to compensate for effects of respiration and method-related measurement variability, it would be beneficial to include several cardiac or respiratory cycles into each individual measurement occasion of the different measurement methods (Echocardiography, TB, ICG) . (Intensive Care Med (2009 ) 35:1801 -1808 .
Study outcomes (page 6 and 7) The measurements of TB are influenced by shunts. Relevant shunts possibly lead to an overestimation of Qs (J Clin Monit Comput. 2017 Jun;31(3):589-598). So an additional secondary outcome item could be a comparison of Qs determined by TB before and after shunt closure. Possibly the device used for interventional ASD closure may itself cause an altered TB signal and thus have an influence on the TB measurement. Will there be a standard device or will you use different types? It should be percutaneous. The change has been done in the all manuscript Before After Introduction: p3, line 38 "…Clinical management generally entails assessment of Qṗ Qṡ ⁄ ratio since the clinical decision for surgical percutaneous closure is highly dependent on the magnitude of the left to right shunt…" Intervention: p3, line 41 "…The interventional closure will be performed during a 3-days hospitalization…" Introduction: p2, line 38 "…Clinical management generally entails assessment of Qṗ Qṡ ⁄ ratio since the clinical decision for percutaneous closure is highly dependent on the magnitude of the left to right shunt…" ASD closure: p3, line 41 "…The percutaneous closure will be performed during a 3-days hospitalization …" -METHODS AND ANALYSIS: Please use the same tense for all described methods.
REVIEWER
All the tense has been modified and standardized.
See above comment the ABSTRACT: The study design is purely observational.
Modification has been done. See above in the response to first comment -For me as a non-native English speaker "open-blind" does not seem correct. Should it be "non-blinded"?
You are right nonblinded is the right word. Modification has been done in the all manuscript. We effectively precise that doppler echocardiography and right heart catheterization are performed by cardiologist and the double non-invasive methods by entrained investigators (without knowing the results obtained by cardiologist at the time of data acquisition)
In the Main document, subheading "Methodology and design": "Patients will be enrolled and followed by cardiologists who will perform right heart catheterization and Doppler Echocardiography. The non-invasive measurement of Qṗ IGR Qṡ TB ⁄ using IGR and TB will be made before and after closure by trained clinical investigators without knowing the results obtained by cardiologists at the time of data acquisition" -Intervention (page 4, line 48): As far as I understand, only patients on whom an interventional ASD-closure is performed (see "inclusion criteria") are eligible for inclusion into the study. So I would suggest use a different paragraph heading such as e. g. "ASD-closure" rather than "intervention".
The heading "intervention" has been replaced by "ASD closure" Before After Intervention: p4, line 48 ASD closure: p3, line 41
-Approaches for cardiac output determination and shunt fraction quantification (pages 5 and 6):
The sample size of each measured data set by each method should be specified in the manuscript For echocardiography: 60 data per variables will be available for statistical analysis. (30 data per echocardiography assessment)
Right heart catheterization: 30 data per variables will be available for statistical analysis.
For TB and IGR: In total, at each assessment point, we will perform 3 measurements per patient. The average of the 3 measurements per variable will serve for statistical analysis. We expect 30 patients, and TB and IGR are used at the 3 assessment points. Thus we expect a sample of 90 data in total for the variable Qṗ IGR and Qṡ TB for the statistical analysis.
Measurement by each method has been specified:
Doppler echocardiography: Data from three non-continuous heart beats will be averaged and served as reference for the statistical analysis. Quiones et al. 2002 J Am Soc Echocardiogr 2002 15:167-84: According to AHA guidelines for shunt quantification with Doppler echocardiography, expanded option or zoom on image are often necessary to precisely measured the cross sectional section of aortic and pulmonary annulus where the VTI (velocity time integral) are also assessed. This allows measurement on 1 or 2 heart beats. In order to minimize the inherent error of measurement, 3 to 5 set of data are advised. The average data for each parameter serves as reference.
After Page 4: Doppler Echocardiography "…The Echocardiographic shunt fraction is estimated from Qṗ Qṡ ⁄ ratio with values from three noncontinuous cardiac cycles being used for computation. In turn, the computed values will serve as reference for statistical analyses [8] ." Page 5: Thoracic Bioimpedance: "…The Qṡ TB value is obtained as the average of continuous data over the last thirty seconds (approximatively 25 to 30 heart beats) immediately prior to the rebreathing maneuvers." Page 5: Inert Gas Rebreathing: "…Each rebreathing maneuvers will last 15 to 20 seconds which represents a total of 25 to 30 cardiac cycles and will result in a cardiac output value. The average of the three cardiac output measurements will be used as mean for statistical analyses." -Study outcomes (page 6 and 7): The measurements of TB are influenced by shunts. 
Reviewer 2:
-The introduction section of the abstract is too long. i think it needs to be shortened Introduction section of the abstract has been shortened.
Before
After Abstract, page 1, line 6 "Introduction: Intrathoracic shunt quantification is a major factor for appropriate clinical management of heart and pulmonary diseases. Intra-cardiac shunts reflected by pulmonary to systemic output ratio (Qp/Qs) are generally Abstract, page 1, line 6 "Introduction: Intrathoracic shunt quantification is a major factor for appropriate clinical management of heart and pulmonary diseases. Intra-cardiac shunts reflected by pulmonary to systemic output ratio (Qp/Qs) are generally assessed by Doppler Echocardiography, magnetic resonance imaging or catheterization. Recently, some authors have suggested an approach for the concomitant use of thoracic bioimpedance (TB) and inert gas rebreathing (IGR) techniques for shunt quantification was published. The reasoning is that TB reflects systemic cardiac output (Q) while IGR, which is based on rebreathing equilibration, reflects pulmonary output. The purpose of this study is to validate the use of this approach under conditions where shunt fraction is directly quantified such as in patients with isolated atrial septal defect (ASD)…" assessed by Doppler Echocardiography, magnetic resonance imaging or catheterization. Recently, some authors have suggested the concomitant use of thoracic bioimpedance (TB) and inert gas rebreathing (IGR) techniques for shunt quantification was published. The purpose of this study is to validate the use of this approach under conditions where shunt fraction is directly quantified such as in patients with isolated atrial septal defect (ASD)…" -How many patients will be included and what is the time interval of study?
The objective is 30 patients in 2 years in the sub-heading "methodology and design" "…Methodology and design:
The study will take place in the cardiology department of the University Hospital of Clermont-Ferrand (France) during 2 years from the first inclusion, with the aim of 30 patients. Patients will be enrolled and followed by cardiologists. The non-invasive measurement Qṗ IGR Qṡ TB ⁄ at each assessment point will be realized by the entrained and formed investigators to the use of IGR and TB. Right heart catheterization and Doppler Echocardiography will be performed by different operators, the cardiologists…" -Discussion section is too short. this section should be kept longer by discussing the literature Discussion section has been rewriting. Below all the modified discussion:
"To the best of our knowledge, our study is the first to assess the Qṗ Qṡ ⁄ ratio using a combined noninvasive approach of Qṗ Qṡ ⁄ ratio measurement using TB and IGR.
Cardiac output is a valuable physiological measurement to provide insight into integrated cardiocirculatory systemic functions at play to refine diagnosis and capability for several chronic disease state [18] . To date, accurate measurement of cardiac output remains challenging in everyday clinical environments. Over the last decade, TB has been introduced which provides an interesting alternative as it allows to monitor values of continuous periods [10, 11] . This approach however may be limiting with respect to identifying right and left heart contributions. Rebreathing methodologies for cardiac output determinations provide such an opportunity. Peyton and al. demonstrated the value of IGR to calculate the ratio Qp/Qs by combining shunt equation and Fick principle. Limits of their approach stand in the impossibility to extend the application to intracardiac shunt) [21] .
The aim of this study is to demonstrate the non-inferiority of the combined non-invasive approach of Qṗ Qṡ ⁄ ratio measurement using TB and IGR in adults with secundum ASD by comparing results obtained with those from usual methods (Doppler Echocardiography and direct Fick). In this context, Perrault et al. used TB and IGR simultaneously to measure cardiac output either by TB, IGR or CO2 rebreathing (with or without correction by PaCO2) in chronic obstructive pulmonary diseases patients at rest and exercise. The ability of TB and IGR to correctively measure Qs and Qp respectively were confirmed. Interesting results lie on the possibility to estimate the shunt effect due to underestimation of cardiac output by IGR in comparison to TB [1] .
The added value of the double non-invasive approach lies in the possibility to quantify and qualify the intrathoracic shunt from physiological hemodynamic parameters with relatively minor discomfort to the patient. The simultaneous used of IGR and TB is non-operator dependant, totally non-invasive, easy to use contrary to the Doppler Echocardiography or the Fick methodology. In addition, the combined technique can be successfully used during clinical cardiopulmonary exercise testing enabling early or refined diagnoses or for follow up and clinical management [5, 22, 23] . Such an approach enables to quantify or qualify the shunt on exercise or shunt reversal and cyanosis which may first appear under exercise [24] .
Thus, first step of this process is to evaluate the concomitant used of TB and IGR at rest in intracardiac shunt in comparison to standard methods."
Reviewer 3:
In Page 8, Estimation of sample size. Please explain why "30 subjects would provide a power of 90% to highlight an agreement of 0.8 (Lin's concordance coefficient) for a two-sided type I error at 5%."
We thank the reviewer for the helpful comment. The aim of study is to evaluate the agreement between two methods. Also, the primary analysis will be carried out using Lin's concordance coefficient. The sample size estimation is developed to have a satisfactory statistical power to highlight a concordance coefficient (r) at 0.8. The following formula was applied:
The Lin's concordance threshold at 0.8 was fixed in relation to usual recommendations: <0.2 (negligible), 0.2-0.4 (low/weak consistency), 0.4 to 0.6 (moderate agreement), 0.6-0.8 (substantial/good agreement) and > 0.8 (excellent agreement) (Altman DG (1991) Practical statistics for medical research. London: Chapman and Hall).
-The aim of this study is to test the difference of two features (the ratio) measured by two methods. Are these two features from the SAME person (just by different measuring methods)? If so, we should conduct the pair test rather than independent test. Therefore, ANOVA or Kruskal-Wallis test are not appropriate since they are designed for the independent samples.
The Statistical Section has been modified accordingly. The primary analysis will be conducted using concordance correlation coefficient. Secondary analyses will be performed to study the relationship between Qṗ Qṡ ⁄ and the size of ASD.
Before After Statistical analysis: All statistical analyses will be performed using Stata software (version 13, StataCorp, College Station, USA). A two-sided type I error will be set at 0.05 to indicate statistical significance. Continuous data will be presented as mean ± standard-deviation or as median [interquartile Statistical analysis: All statistical analyses will be performed using Stata software (version 13, StataCorp, College Station, USA). A two-sided type I error will be set at 0.05 to indicate statistical significance. Continuous data will be presented as mean ± standard-deviation or as median [interquartile The assumption of normality will be studied with the Shapiro-Wilk test. The primary analysis will be performed using correlation coefficient (Pearson or Spearman according to the statistical distribution), Lin's concordance coefficient and Bland and Altman plot in order to study the accuracy between non-invasive Qṗ Qṡ ⁄ measurement and Doppler Echocardiography in adults with atrial septal defect. The correlation and concordance coefficients will be presented with 95% confidence intervals. In addition the Qṗ Qṡ ⁄ obtained using each method will be examined regardless of the size of ASD using correlation coefficient and ANOVA or KruskalWallis test (if the assumptions of ANOVA are not met: normality and homoscedasticity studied by Bartlett test). The same statistical analyses will be carried out with respect to direct Fick measured shunt ratios. Finally, the intra-and inter-individual reproducibility of the double non-invasive approach will be evaluated by intra-class correlation coefficient (ICC estimated from mixed model with patient as random effect). ICC will be presented with a 95% confidence interval. range], according to the statistical distribution. The assumption of normality will be studied with the Shapiro-Wilk test. The primary analysis will be performed using correlation coefficient (Pearson or Spearman according to the statistical distribution), Lin's concordance coefficient and Bland and Altman plot in order to study the accuracy between non-invasive Qṗ Qṡ ⁄ measurement and Doppler Echocardiography in adults with atrial septal defect. The correlation and concordance coefficients will be presented with 95% confidence intervals.
Secondary analysis
In addition, the Qṗ Qṡ ⁄ obtained using each method will be examined regardless of the size of ASD using correlation coefficient and ANOVA or Kruskal-Wallis test (if the assumptions of ANOVA are not met: normality and homoscedasticity studied by Bartlett test). The same statistical analyses will be carried out with respect to direct Fick measured shunt ratios. Finally, the intra-and inter-individual reproducibility of the double non-invasive approach will be evaluated by intra-class correlation coefficient (ICC estimated from mixed model with patient as random effect). ICC will be presented with a 95% confidence interval.
-The dates of the study was not included in the manuscript Dates of the study has been included in the sub-heading "Methodology and design" "Methodology and design:
The study will take place in the cardiology unit of the University Hospital Center, with the view to include 30 patients over a period of 2 years from inclusion of first patient. Patients will be enrolled and followed by cardiologists who will perform right heart catheterization and Doppler Echocardiography. The non-invasive measurement of Qṗ IGR Qṡ TB ⁄ using IGR and TB will be made before and after closure by trained clinical investigators without knowing the results obtained by cardiologists at the time of data acquisition." -I would suggest to include a section on potential methodical study limitations into the discussion or at the end of the methods section prior to statistical considerations. Here I would suggest to mention the following points: o lack of control on patient rebreathing maneuver (as already mentioned on page 2) o possible bias in shunt volume and determination by (1) physiologically variable LR-shunt due to different timing of TB and IGR at individual measurement occasions (or are TB and IGR measurements truly simultaneously?) and (2) possible influence of patient factors (preload, anxiety, etc.) on variable degree of physiological LR-shunt volumes before / during / after catheterization. This bias becomes irrelevant after shunt closure, if shunt closure is complete. o possible bias in shunt determination due to different time periods of data acquisition between the methods (lower number of heart cycles captured by echocardiography, as compared to the other monitoring methods averaging more heart and respiratory cycles).
VERSION 2 -REVIEW

REVIEWER
Jingheng CAI Sun Yat-sen University P.R.CHINA REVIEW RETURNED 30-Jan-2019
GENERAL COMMENTS
My comments have been well addressed. Thank you for the response.
VERSION 2 -AUTHOR RESPONSE
REVIEWER 2:
-page 2, line 12: please omit "reliable" and change the wording to … is that it is continuous and does not require patient participation … .
-page 4, lines 32 and 34: the unit for velocity time integral (VTI) is cm, and cm<sup>2</sup> x cm = cm<sup>3</sup> = ml. -I would suggest to include a section on potential methodical study limitations into the discussion or at the end of the methods section prior to statistical considerations. Here I would suggest to mention the following points: o lack of control on patient rebreathing maneuver (as already mentioned on page 2) o possible bias in shunt volume and determination by -physiologically variable LR-shunt due to different timing of TB and IGR at individual measurement occasions (or are TB and IGR measurements truly simultaneously?) -possible influence of patient factors (preload, anxiety, etc.) on variable degree of physiological LRshunt volumes before / during / after catheterization. This bias becomes irrelevant after shunt closure, if shunt closure is complete. o possible bias in shunt determination due to different time periods of data acquisition between the methods (lower number of heart cycles captured by echocardiography, as compared to the other monitoring methods averaging more heart and respiratory cycles).
 TB and IGR are truly simultaneous. To be more precised, we changed the word "concomitant" by "simultaneously" in -The Abstract, section « Method »
